For studies of in organello mitochondrial protein synthesis in rice, Oryza sativa L., conventional surface-sterilization procedures were demonstrated to be ineffective. Because of the overwhelmingly efficient [35S]methionine utilization by contaminating bacteria, even "essentially bacteria-free" rice mitochondria were shown to be unsuitable for the study of in organello protein synthesis. We developed a procedure to obtain a bacteria-free preparation of rice mitochondria. Such mitochondria favored a membrane-dependent ATP-generating system over an external ATP-generating system as the energy supplement for in organello protein synthesis. Two distinct classes of [35Slmethionine-labeled, cycloheximide-insensitive products were detected: an electrophoretically unresolved population and a set of some 22 to 27 discrete polypeptide species, each with a characteristic electrophoretic mobility and relative abundance.
The problem of bacterial contamination in mitochondrial preparations had received little attention before plants were first employed for mitochondrial protein synthesis studies (2) (3) (4) 7) . Low or no mitochondrial protein synthesis without a supplemented ATP-generating system was construed to indicate an "essentially bacteria-free" preparation. Whereas the concept of relying on energy dependency in determining bacterial contamination was well accepted, in practice such determination was neither convenient nor quantitative. A mitochondrial sample was considered to be essentially bacteria-free when protein synthesis in the presence of acetate (a substrate utilized by bacteria but not by mitochondria) was less than several percent of that under standard conditions with a supplemented ATP-generating system (7) . Assessing the magnitude of the effect of bacterial contamination on mitochondrial protein synthesis has been difficult from one experiment to another, since autoradiograms were used routinely for documenting the result of mitochondrial protein synthesis. The lack of a straightforward, quantitative method 'Supported by research grants from Academia Sinica and the National Science Council, Republic of China (to H. D.), and by a research fund from University of Chicago (to K. S. C.).
to determine the extent of bacterial contamination in plant mitochondrial samples has led to serious consequences. For instance, a 62 kD [35S]methionine-labeled polypeptide first reported to be synthesized by isolated maize mitochondria in response to heat shock (8, 10) was later shown to be the product of contaminating bacteria (9 Assay of the [35SJMethionine Incorporation into Protein A 2.5 AL portion of the protein synthesis reaction mixture was added to 102.5 AL 5.64% (w/v) TCA. After mixing, two independent 2.5 ,uL aliquots of this mixture were spotted on two Whatman GF/C filter discs for scintillation counting the total [35S]methionine. To the remaining 100 ,L mitochondria suspension, 10 ML of 0.22% (w/v) BSA was added, incubated for 30 min at 4°C then 15 min at 70°C, chilled, and then filtered through a Whatman GF/C filter disc for scintillation counting to determine the [35Slmethionine incorporation into protein.
Termination of the Protein Synthesis Reaction and Analysis of the Product
After a 60 to 90 min incubation period, 2.5 ,L of proteinsynthesis chasing solution was added and the incubation continued at 30°C for 15 min. Protein synthesis was then terminated by adding 1 mL of protein-synthesis stopping solution. In some experiments, the addition of the chasing solution was intentionally omitted. Mitochondria were pelleted at 12,000g for 10 min, quick frozen in liquid nitrogen, and kept at -80°C. Immediately before analysis, the mitochondria pellet was solubilized in sample loading buffer by heating at 90'C for 2 min (in some experiments the six protease inhibitors were omitted in this buffer). The mitochondrial proteins (40-125 Ag protein) were analyzed by 15% (w/v) SDS-PAGE (acrylamide:bisacrylamide, 150:1) according to the method of Laemmli (6) . Gels were stained with silver or Coomassie blue, immersed in 1 M sodium salicylate for 1 h, dried onto Whatman 3 MM filter paper, and then exposed to Kodak XAR-5 x-ray film at -70'C.
RESULTS

Mitochondria Isolated from Growth-Chamber Grown Seedlings
Purified mitochondria of etiolated 14 to 16-d-old rice seedling appeared as a homogeneous population under a phase contrast microscope without apparent contaminants. The incorporation of [35S]methionine into polypeptides increased with the number of bacteria as determined by plating (Fig. 1 Figure  1 . Chloramphenicol at a concentration of 100 Mm effectively eliminated the [35S]methionine incorporation into proteins, whereas erythromycin and cycloheximide exhibited little effect (Fig. 1, lanes 2, 4, and 5) .
Cell homogenates and mitochondrial suspensions plated onto Lucia's broth medium at different stages ofmitochondria purification revealed qualitative as well as quantitative variations of contaminating bacteria in independently isolated mitochondrial samples. According to colony morphology, there were some 10 different types of bacteria with marked variation in relative abundance. This was consistent with the observation that the size and relative abundance of [35S] methionine-labeled polypeptides were not always the same among different mitochondrial samples isolated under identical experimental conditions but from different batches of seedlings (Fig. 1) .
The efficiency of [35S]methionine incorporation into acid precipitable counts was approximately the same irrespective of the energy source used in growth-chamber grown seedlings (Table I) . This is consistent with the results from gel electrophoresis that in the presence of [35S]methionine, the size and relative amount of polypeptides synthesized appeared to be the same irrespective ofthe supplemental energy sources (data not shown).
Taken together, these results indicate that: (a) most of the [35S]methionine-labeled polypeptides shown in Figure 1 were not synthesized by rice mitochondria; (b) methionine was preferentially utilized by contaminating bacteria for their own protein synthesis; and (c) the bias of methionine utilization was overwhelming as the number ofbacteria was insignificant compared with that of mitochondria. [35S] methionine incorporation than an external ATP-generating system, which in turn was 1.5 to 2.8-fold lower than that of an internal ATP-generating system with ADP and succinate. Such differences were not observed for mitochondria samples isolated from growth-chamber grown rice seedlings (Table I ). The ratio of [35S]methionine incorporation with an internal ATP-generating system was almost always higher than with an external one and somewhat variable with different mitochondria samples. The only exception came from a mitochondrial sample isolated from 30-d old, unhealthy seedlings grown under aseptic conditions (Table I) .
Both the internal and the external ATP-generating systems supported the production ofpolypeptides by bacteria-free rice mitochondria. Two distinct classes of [35S]methionine-labeled products were detected by autoradiography: an electrophoretically unresolved population and a set of 22 to 27 discrete polypeptide species, each showing a characteristic electrophoretic mobility and relative abundance (Fig. 2) . No products were detected by autoradiography when acetate was used as the energy source even though [35Sjmethionine was incorporated into acid precipitable non-RNA polymers (Table I) 
